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ANTIGENIC CHARACTERISTICS AS TAXONOMIC
CRITERION OF DIFFERENTIATION OF ALTERNARIA SPP.,
PATHOGENIC FOR CARROT AND PARSLEY
ABSTRACT: Identification of Alternaria genus species is a very complicated process
which demands broadly designed investigations and studying of great number of properties
which together can be considered as satisfying taxonomic criteria. The main objective of
these investigations was examining the possibilities of applying the antigenic characteristics
of Alternaria spp. phytopathogenic fungi as a taxonomic criterion, as well as introducing
the serological methods for their identification. Conducting the examination of Alternaria
spp., pathogenic for Apiaceae plants in Serbia, several isolates were obtained and identified
as Alternaria radicina, A. petroselini, A. dauci and A. alternata, based on the conventional
mycological methods and host range, as well as on molecular detection and partial characte-
rization.
The investigation included 12 isolates from plant leaves, seeds and soil, which were
pathogenic mainly to carrot and parsley and were identified as A. radicina, A. petroselini,
A. dauci and A. alternate. Investigated isolates were compared with each other, as well as
with standard isolates for the mentioned species (a total of 5 isolates, originating from USA
and EU).
During the investigation of serological characteristics of Alternaria spp., firstly a
polyclonal antiserum was prepared against one isolate from Serbia, identified as A. dauci.
This antiserum was specific to Alternaria genus, while there was no reaction with antigens
from other phytopathogenic fungi genera (Fusarium, Rhizoctonia and Agaricus). Antiserum
titer, determined by slade agglutination test, was 1/32. Antigenic characteristics of Alterna-
ria genus fungi were examined by Electro-Blot-Immunoassay serological method (EBIA,
Western blot), i.e. their protein profiles were compared.
Investigated Alternaria spp. isolates showed different protein band profiles in gel and
on nitrocellulose paper, and the observed differences were in complete correlation with the
results of the previous identification. All investigated isolates, both domestic and the stan-
dards, were similar to each other, and they could be correctly identified to the species level
using EBIA. Besides grouping to the species level, antigenic characteristics indicated simi-
larities and differences among the isolates within the same and different species, showing
their complex relationships which properly reflect their diversity in nature.
In all the previous investigations of Alternaria genus fungi up to now, there have
been no data about their serological characteristics as possible taxonomic criteria. Intro-
duction of this group of characteristics represents an important contribution both to the
143taxonomy and implementation of fast and accurate methods of phytopathogenic fungi iden-
tification.
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INTRODUCTION
Alternaria species are probably the most common fungi that mycologists
deal with in different scientific fields. There is a huge number of species na-
mes in literature which are, in fact, synonims for undetermined taxonomic ac-
curacy. That is the reason why it is so difficult even to collect any reliable da-
ta about how many species belong to this genus. It is estimated that this num-
ber varies from 100 up to several hundred species (R o t e m, 1994). Since they
are extremly variable and widely distributed, Alternaria spp. have been descri-
bed under different names and that is why their taxonomy, classification, and
systematics are very complex and mostly incompletely solved today (S i m -
m o n s, 1992, P r y o r and M i c h a ilides , 2002). Diagnostic characteri-
stics of Alternaria genus include the formation of chains of dark-coloured,
multi-celled conidia with beaks of tapering apical cells. However, these cha-
racteristics are not common to all the species belonging to this genus, which
led to taxonomic confusion among researchers during the history of Alternaria
classification (R o t e m, 1994).
Because of the complex differentiation of particular species within this
genus, as well as the differences among particular isolates of the same species,
some authors have suggested and used different criteria for determination of
taxonomic relationships among the species (host range, cultural and morpholo-
gical properties, pigment and crystal formation, etc.). In this way, for example,
P r y o r and G i l b e r t s o n (2002) differentiated some isolates of A. radi-
cina and A. petroselini, which had been previously improperly classified as
undetermined nomenclature. The criteria which they used were the growth rate
on PDA, yellow crystal formation and host range.
According to R o t e m (1994), Alternaria spp. taxonomy is very com-
plex because of the variability of their morphological features, which are af-
fected by the environmental conditions and other factors. Whatever the nature
of these factors is that variability of Alternaria species has created a taxo-
nomic dilemma, and led to the description of some species which have never
been confirmed by other researchers. This situation confuses plant pathologists
who investigate physiology, epidemiology, or the possibilities of control mea-
sures, and expect from taxonomy the proper and correct identification of the
concerned organisms. Taking into consideration the possible influence of the
environmental conditions, R o t e m (1994) suggests that a researcher should
give his opinion only after examining a great number of isolates originating
from different localities. S i m m o n s (1992) states that taxonomy and classi-
fication of fungi from any genus, including genus Alternaria, have to, at least
at the beginning, undoubtedly match a species name with its constant morpho-
logical characteristics, as well as with its biology, pathogenicity, reproduction,
physiology and other properties.
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Alternaria spp. isolates on the basis of their antigenic characteristics. The iso-
lates were obtained from tissue, soil and seed of host plants from Apiaceae fa-
mily, and their proper and precise identification and characterization had been
previously done up to the species level, using conventional and molecular de-
tection methods. Since serology has not until now been applied in Alternaria
genus investigations, the obtained results could contribute to a more precise
determination of the relationships and taxonomic status of Alternaria fungi,
pathogenic for hosts from Apiaceae family, as well as to the development of a
new group of methods which could be applied in routine detection and identi-
fication of fungi.
MATERIAL AND METHODS
Isolates. In the period 2004—06, the inventory of Alternaria spp. fungi
included diseased leaves and petioles, soil and seed of carrot, parsley and other
plants from Apiaceae family in Serbia. A total of 17 isolates were chosen for
the investigation, 12 of which from the Republic of Serbia (8 from seeds, 2
from plant tissue and 2 from soil), and 5 standard isolates originating from
USA (B. M. Pryor, University of California, Davis) and Europe (J. van Bilsen,
Bejo Zaden B. V., Warmenhuizen, Holland). On the basis of examination and
identification, using conventional methods and host range, as well as molecu-
lar detection and partial characterization, the obtained isolates were classified
as Alternaria radicina, A. petroselini, A. dauci and A. alternata (B u l a j i ã,
2007).
Antigen preparation. Antigens for rabbit immunization were prepared
from isolate 108 mycelium, originating from Serbia, which had been previo-
usly identified as A. dauci. Antigen was prepared according to the method of
A d a m s and B u t l e r (1979). The chosen isolate was first cultured on a so-
lid nutrient media for three times, and then on a liquid synthetic GNA. The
obtained mycelium was dried using vacuum pump, frozen at –18 to –20°C, or
–80°C and stored until usage. Amount of 8 g of frozen mycelium was homo-
genized in a pestle and mortar with 40 ml of 0,1 M Tris-HCl buffer pH 8,0
(1,211 g Trizma base, Sigma, Chemical Company, dissolved in 100 ml distil-
led water, and pH adjusted with concentrated HCl to pH 8,0). After 2 hours of
horizontal stirring, the obtained extract was centrifuged for 40 min at 11000
rpm in Eppendorf centrifuge (5804 R). Pellet was eliminated and supernatant
was used as an antigen for rabbit immunization.
Antiserum production. Antiserum was produced by rabbit immunization,
by daily intramuscular injecting of increasing volume of previously prepared
mycelium suspension, for 10 days. Total of 21,25 ml of isolate 108 mycelium
suspension was injected. After blood coagulation, the liquid phase was separa-
ted from clot, and it was used as antiserum in further investigation of Alterna-
ria spp. antigenic properties.
Determination of antiserum titer. Antiserum titer was determined using
serological method of agglutination on a glass slide. Antigen dilutions were
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logical solution. Agglutination on a glass slide was carried out according to
N o o r d a m (1973) and K r s t i ã and T o š i ã (1994) method. Formation of
precipitates was observed in dark field (DF) using Olympus CX41 microscope
(magnification 100x).
Determination of antigenic characteristics. Alternaria spp. antigenic cha-
racteristics were investigated using Electro-Blot-Immunoassay serological me-
thod (EBIA, Western blot). For EBIA, fungi samples were prepared by adding
250 ml of loading buffer (L a e m m l i, 1970) into 500 ml of mycelium suspen-
sion prepared in the same way as for the antiserum production. Then, the sam-
ples were boiled in water bath for about 10 min, and after cooling stored, at
–20°C until usage. Electro-Blot-Immunoassay serological method (EBIA, West-
ern blot) was used for comparing the fungi isolates on the basis of their anti-
genic characteristics, as well as their protein profiles. This method (O ' D o n -
n e l l et al., 1982; R y b i c k i and V o n W e c h m a r, 1982) includes: anti-
gen electrophoresis in polyacrylamide gel, adsorption from the gel to nitrocel-
lulose paper, and immunoenzyme detection of antigen on NC paper. SDS
polyacrylamide gel electrophoresis was performed by using discontinuous gel,
5% for protein concentration, and 12,5% for protein separation. About 40 ml
of antigen sample was added per each slot of the gel. Electrophoresis was car-
ried out by Protean II xi Cell (Bio-Rad) vertical slab gel apparatus with cool-
ing. Components were conducted through the gel for protein concentration at
constant 30mA, and through the gel for protein separation at 50mA. After
electrophoresis had been completed, proteins were immediately adsorbed on
NC paper (Protran, Nitrocellulose Transfer Membrane, pore size 0,45 mm,
Whatman, Scheicher and Schuell, EU). Antigen adsorption was performed at
room temperature. NC paper was processed using immunosorbent method, ac-
cording to the catalogue manual No 170-6545 Bio-Rad, as O ' D onnell e t
al. (1982) had previously described, and S hukla e ta l .(1989) modified. In
the investigation of isolate antigenic characteristics, antiserum dilution was
1:250, and Anti-rabbit IgG peroxidase conjugate affinity isolated antibody de-
veloped in Goat (Sigma Immuno Chemicals) was diluted 1:2500 in skimmed
milk. Paper development was performed in the mixture of 50 ml TBS with 10
ml methanole solution of 20 mg 4-chloro-1-naphthol (Bio-Rad) and 30 ml 30%
hydrogen peroxide. Colour development was followed visually. The presence
of bluish-purple band was considered as a positive reaction, and its absence as
a negative reaction between antigen and antiserum.
RESULTS
Polyclonal antiserum was prepared against isolate 108 which, according
to the previously obtained results, belongs to species A. dauci. Antiserum was
prepared by rabbit intramuscular immunization with the total of 21,25 ml of
mycelium suspension. Antiserum, in dilution 1/1, reacted positively in slide
agglutination test with homologous antigen, i.e. with prepared antigen of isola-
te 108. In additional agglutination tests, negative reactions were observed with
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( V i c o, 1997), and Fusarium sp., both from the Collection of Department of
Plant Pathology, Faculty of Agriculture, Belgrade, and Agaricus sp. (Basidio-
mycotina) prepared from fresh carpophora. In this way it was confirmed that
antiserum shows specific reactions only with Alternaria species. According to
the obtained results, the antiserum titer was 1/32, while the antigen titer was
1/256 (Table 1). Reactions were visualized about 2h after mixing the anti-
serum with the antigen.
Tab. 1 — Determination of polyclonal antiserum titer, prepared against Alternaria isolate 108
Antigen
dillution
Dillution of polyclonal antiserum prepared against isolate 108
1/1 1/2 1/4 1/8 1/16 1/32 1/64 Kf
1/1 ++++a ++++ +++ ++ ++ + — —
1/2 ++++ ++++ +++ + ++ + — —
1/4 ++ +++ + ± ++ ± — —
1 / 8 + + + + + + +—————
1/16 ++ +++ + —————
1/32 +++ +++ ++ —————
1/64 ++ + ——————
1/128 ± + ——————
1/256 ± ———————
1/512 ————————
Kt ————————
a — reaction intensity: — = negative reaction, ± = very weak reaction, + = weak reaction,
++ = medium reaction, +++ = strong reaction i ++++ = very strong reaction,
Kf = negative control, physiological solution, Kt = negative control, Tris-HCl buffer
Electro-Blot-Immunoassay serological method (EBIA, Western blot), ap-
plied in these investigations, made possible, to a considerable extent, the study
of antigenic characteristics and serological relationships of 12 domestic and 5
standard Alternaria spp. isolates. Figure 1 shows the presence of bluish-purple
bands, which indicates positive reactions between the antigen and the antise-
rum. It is clear that the prepared antiserum reacted with all Alternaria fungi
isolates, but not with Agaricus spp., which proves its specificity. The presence
and intensity of bands on NC paper were estimated visually, and the results
were summarized in Table 2.
According to the protein band profiles on NC paper, antigenic characteri-
stics of examined Alternaria spp. isolates indicate that they belong to four dif-
ferent species: A. radicina, A. petroselini, A. dauci and A. alternata. A. dauci
isolates (68-5, 94 and 108, as well as the standards) reacted by forming the
greatest number of bands (9—14, depending on the isolate), which was ex-
pected, considering that antiserum was prepared against isolate 108. These five
isolates can be clearly separated from the others by their protein band profiles.
It should be emphasized that studying the antigenic characteristics under the
given conditions revealed some additional differences among the isolates from
the same species. Therefore, besides great similarities, some differences were
also observed among some isolates within this compact group-species. The
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148isolate 68-5 has protein bands 14 and 15, which are omitted in the other isola-
tes from this species. Only this isolate forms protein band 12 and shows some
similarity with isolate 13, identified as A. alternata. Among the all investiga-
ted, only these two isolates, 68-5 (A. dauci) and 13 (A. alternata), although
belonging to different species, form protein bands 14 and 15. Nevertheless,
isolate 13 (A. alternata) clearly differs from all the other isolates included in
the investigations, by omitting the protein band 6, which is common to all A.
dauci and A. radicina isolates, except for the isolate 68-1. The group of isola-
tes which belong to species A. radicina (68-1, 89, BMP 79 and NL1R), with a
few exceptions, showed smaller number of protein bands in profile, i.e. revea-
led differences between particular isolates. Thus, only isolate 68-1 does not
form band 6, which is present in all the others in this group, and does not
completely correspond to a common profile. The group of isolates belonging
to A. petroselini (69, 95, 106 and BMP 139) also exhibited great uniformity of
characteristics, but reacted with smaller number of bands, which were of
weaker intensity, compared to the other Alternaria spp. All the isolates from
this group formed five bands each, while variations within this group were not
observed under the investigations conditions.
BMP 155 and NL2D standards for A. dauci, 108, 94 i 68-5 (A. dauci),
Agaricus sp. (-) control, 13 (A. alternata), BMP79 and NL1R standards for A.
radicina, 89 i 68-1 (A. radicina), 106, 95 i 69 (A. petroselini) and BMP 139,
standard for A. petroselini
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Fig. 1 — Serological reaction of Alternaria spp. isolates using EBIA methodDISCUSSION
In comparison to other features, serological characteristics in mycology
are investigated and used less frequently. Nevertheless, there are examples of a
very successful application in distinguishing or diagnostics of particular plant
pathogenic species of fungi, even the categories lower than species level
( M o h a n, 1989; M a t h e w and B r ooker ,1991; B e n s o n, 1992; B o -
w e n et al., 1996; D e w e y and C o l e, 1996; H a h n and W e r r e s, 1996;
Heppner a n d Heitefuss , 1996; S t c h e r b a ukova a n d Umnov ,
1996; U e l i and W a l s h, 1996; S r i v a s t a v a and A r o r a, 1997; V i c o,
1997; W illiams a n d Fitt ,1999; K e s a r i et al., 2005). Antigenic cha-
racteristics of particular fungi have been successfully used even for detection of
t h e p r e s e n c e o f s o m e m y c o t o x i n s i n d i f f e r e n t s u b s t r a t e s ( Szurdoki e t al.,
1996). This experience shows that studying of phytopathogenic fungi serologi-
cal characteristics could lead to the development of very powerful and fast
methods for detection or diagnostics, which could be routinely used.
Serological features of Alternaria species have not been studied almost at
all. These fungi have drawn the greatest attention as powerful allergens, and
the greatest number of published papers is related to studying of their antige-
nic properties in human medicine (S c u m a c h e r et al., 1975; V i j a y et al.,
1997; B u s h et al., 1983; C h a n g et al., 1989; W e b e r, 2001). G u i -
l o n g (1995) studied the possibility of application of standard serological test
ELISA, which is routinely used in diagnosis of plant pathogen categories other
than fungi, for A. alternata, detection on tobacco seed. Antiserum used in his
investigation was highly specific to A. alternata and it did not react with fungi
from other genera, which is in complete accordance with the results obtained
in this investigation. Our results, obtained by using EBIA, showed the pre-
sence of bands in protein profiles, which could be specific for particular spe-
cies. Specificity of the produced antiserum, if necessary, could be improved
for diagnostic purposes. However, since the objective of this investigation was
comparison of taxonomic relationships among Alternaria isolates, the fact that
the produced antiserum reacted with all the examined isolates made the com-
parison of their protein profiles possible, so that their common or specific fea-
tures could be observed.
Study on the antigenic characteristics of the examined Alternaria isolates,
pathogenic for Apiaceae plant hosts, provided a new insight into their taxono-
mic relationships. Serology, as a taxonomic criterion, succeeded in grouping
the isolates based on the appearance of their protein profiles in the way which
completely corresponds to all other criteria, used in this investigation. Except
the grouping to an assumed species level, antigenic properties indicated both
similarities and differences among the isolates within the same and different
groups-species, revealing their extremely complex relationships which genui-
nely reflect the diversity of these fungi in nature.
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Rezime
Identifikacija vrsta u okviru roda Alternaria je veoma sloÿen proces koji
zahteva široko postavqena ispitivawa i prouåavawe veãeg broja osobina koje
zajedno predstavqaju zadovoqavajuãe taksonomske kriterijume. Osnovni ciq ovog
rada je bio da se ispita moguãnost primene antigenih osobina fitopatogenih
gqiva iz roda Alternaria kao taksonomskog kriterijuma, kao i uvoðewe serolo-
ških metoda za wihovu identifikaciju. Prouåavajuãi gqive iz roda Alternaria
koje su patogene za gajene biqke iz fam. Apiaceae u našoj zemqi, dobijeno je vi-
še izolata koji su, na osnovu prouåavawa konvencionalnim metodama i kruga
domaãina, kao i molekularne detekcije i delimiåne karakterizacije, razvrsta-
ni u åetiri vrste: Alternaria radicina, A. petroselini, A. dauci i A. alternata.
U ispitivawa je bilo ukquåeno 12 izolata poreklom sa lista, semena ili
iz zemqe, koji su ispoqavali patogenost prvenstveno prema mrkvi i peršunu i
identifikovani da pripadaju vrstama A. radicina, A. petroselini, A. dauci i A. al-
ternata. Ispitivani izolati su meðusobno uporeðivani kao i sa standardima za
navedene vrste (ukupno 5 izolata, poreklom iz SAD i EU).
Prilikom ispitivawa seroloških osobina Alternaria spp., prvo je pripre-
mqen poliklonalni antiserum na izolat iz Srbije, koji je identifikovan kao
A. dauci. Antiserum je ispoqio specifiånost za rod Alternaria, dok nije reago-
vao sa antigenima iz drugih rodova fitopatogenih gqiva (Fusarium, Rhizoctonia,
Agaricus). Titar antiseruma, ispitivan metodom aglutinacije na ploåici, bio
je 1/32. Antigene osobine gqiva iz roda Alternaria prouåavane su primenom
elektroforetsko-adsorpciono-imunoenzimske serološke metode (EBIA, Western
blot), odnosno uporeðivani su wihovi proteinski profili.
Ispitivani izolati Alternaria spp. ispoqili su razliåite profile prote-
inskih traka u gelu i na nitroceluloznom papiru, a uoåene razlike su, u potpu-
nosti, odgovarale rezultatima prethodne identifikacije. Navedeni izolati,
domaãi kao i standardi, ispoqili su meðusobne sliånosti i mogli su biti
pravilno identifikovane do nivoa vrste, primenom EBIA. Pored grupisawa
do nivoa vrsta, antigene osobine su ukazale na postojawe sliånosti i razlika
153izmeðu izolata unutar istih, odnosno razliåitih vrsta, ukazujuãi na wihove ve-
oma sloÿene meðuodnose koji verno oslikavaju diverzitet postojawa ovih gqiva
u prirodi.
U dosadašwim prouåavawima gqiva iz roda Alternaria, ne postoje podaci
o wihovim serološkim osobinama kao moguãim taksonomskim kriterijumima.
Uvoðewe ove grupe osobina, predstavqa znaåajan doprinos kako u taksonomiji,
tako i u primeni brzih i taånih metoda identifikacije fitopatogenih gqiva.
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